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Premise

Better understand the sintering, melting,
and crystallization behavior of lunar
materials for construction

Unique properties regolith that affect
these behaviors

Experimental studies of lunar regolith and
basalt can provide some insight

Additional studies to determine the
sintering behavior

Can these studies be done with simulants
or are lunar materials necessary?



Definitions

Sintering

® Temperatures between the glass transition and
solidus, no melting

® Limited variation is physical properties with
porosity being one of the important ones

® Physical properties vary with time and
temperature of sintering, grain size,
composition, and physical state of the soill

Melting

® Temperatures above the solidus

® Some melting can reduce porosity and increase
strength



Definitions

Crystallization

® Can produce a custom product.

® Complex and variable process can produce
a variety of physical properties

® Tailoring the physical properties to desired
uses requires extensive experimentation

® Tensile strength, surface toughness,
resistance to fracturing, and insulation
properties could all be controlled



Previous Experimental Studies

A dynamic crystallization study of lunar soll
15101 demonstrated melting and crystallization
properties

Showed how to vary textures and obtain final
products with differing physical properties

Variations in melting temperatures and time
followed by crystallization at different cooling
rates

Oxygen fugacity is IW-1 log unit, Fe° stable- Atm
controlled with appropriate ratio of CO/CO,

This was not a study of physical properties and
none were measured






Average Lunar Soil compositions
from the Bible
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Average Lunar Soil compositions
from the Bible
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DYNAMIC MELTING 15101
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Melting Textures

Melt 1230°C for 1 hr Melt 1230°C for 16 hrs




DYNAMIC CRYSTALLIZATION TEXTURES
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Crystallization Textures

Melt1280°C 3 hrs Melt1270°C 1 hr
Cool 2°C/hr Cool 2°C/hr




DYNAMIC CRYSTALLIZATION TEXTURES
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Crystallization Textures

Melt 1250°C

10 min
15°C/hr

10 min
2°C/hr

Imm

Cool 2°C/hr




DYNAMIC CRYSTALLIZATION TEXTURES
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Crystallization
Textures

Melt 1240°C

Imm

10 min 1 hr
2°C/hr 2°C/hr



DYNAMIC CRYSTALLIZATION TEXTURES

r 1
- I

|
IRADIATE |

INCREASING %
CLASTS REMAINING
AT START OF COOLING

LIQUIDUS

SERTAL SUBOPH -
Y-20 Y-15

p— — = ] — = = -

FINE

INTER- | INTER-

SERTAL GRAN
Y-23 \Y'22 |

L
C
-
e
<
c
L
o
=
L
-
O
=
-
)
L
=

FINE | | FINE
' INTER- ! ' INTER-

| SERTAL ! | SERTAL |

) |
Y-1
L | ° ]

10 min 10 min 1hr 3hr
MELTING TIME PRIOR TO COOLING

| T vs/ T} LINEAR COOLING AT 2°C/hr———




Crystallization
Textures

Melt 1230°C

Imm

10 min
15°C/hr

96 hrs
2°C/hr




DYNAMIC CRYSTALLIZATION TEXTURES
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The Best Lunar Regolith
for Processing

Regolith with the lowest solidus temperatures

Regolith with the largest fraction of finer grain
sizes

Regolith with high glass content, either
agglutinates or spheres and fragments

Glass content is not as important for melting
and crystallization processes



Important Regolith Properties

® Bulk composition--controls the solidus
temperatures

® Glass and agglutinate content—ease of sintering

® The unique grain size distribution, with emphasis
on mature soils—ease of sintering and
melting

® Experimental studies require a faithful simulant,
but not large quantities

® Some experiments could be done with small
amounts of lunar regolith

® Extensive physical testing requires large a
amount of simulant



Energy Requirements

® The energy to produce melting and crystallization
IS significant

® Use solar collectors with stored power with a
conventional furnace or a microwaves

® Another possible source is direct solar power
such as a solar furnace that uses focused
sunlight



Sources of Information

® Basalt has been used extensively as the raw material
for casting ceramic products in Eastern Europe in
the early 20th century

® This industry provides insight into sintering and
crystallization histories necessary to produce
desired physical properties

® The US ceramic industry has extensive experience
with sintering of silicate materials



